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Experimental
The samples were n type GaAs wafers(Si doped) with a carrier density of 1 x 1018 cm-3. The GaAs wafers were first rinsed in acetone and then purified water before dipping in a commercial alkaline based etchant for 5 minutes.
Following this, the sample was rinsed in purified water and then dried with N2(g). The
etched GaAs wafers were then attached to a Mo sample holder with In solder and placed in a vacuum chamber connected to both an analysis and MBE chamber. The synchrotron photon energy was adjusted to 120 eV for the Al/Se/GaAs system and 126eV for the Au/ Se/GaAs system using a grating/crystal monochromator with a 1200 1/mm grating to obtain surface sensitive information on the Se 3d, As 3d Ga 3d, Au 4f and Al 2p core levels. The incident photon energy calibration was made by directly measuring the Fermi edge of Au. The advantages of Synchrotron Radiation over conventional XPS in the analysis of Se is that the Se 3d cross section increases by over a factor of 50 as the incident photon energy is changed from 1486.6eV(Al Ka) to 90 eV, and that the electron mean 0 free path decreases from about 15 to 5 A. In addition to providing greater overall sensitivity as well as greater surface sensitivity, the synchrotron radiation is a bright source providing a photon flux of about 1010,11 photons/sec with an incident energy resolution of about 0.3 eV for 120 eV excitation.
Results and discussion
A. Al/Se/GaAs
The initial stages of Schottky barrier formation, and chemical bonding changes for Al on GaAs(110) and (100) has been studied quite extensively using photoemission spectroscopy by a number of investigators
The work presented here is an attempt to understand the chemical bonding changes and Schottky barrier formation that take place as Al is deposited on the Se treated GaAs surface. The Ga 3d SRPES spectra are plotted for various Al overlayer thicknesses.
A metallic Ga peak is observed at low binding energy that increases with increasing Al overlayer thickness. To begin our discussion, changes in the Se treated GaAs surface as a function of Al overlayer thickness as reflected in the Ga 3d spectra are shown in Fig. 1 . The Ga 3d spectrum corresponding to no At overlayer is consistent with previous results consisting of a Ga-Se and a GaAs component":'-:'-'). Following Al deposition, a low binding energy(BE) component assigned as metallic Ga is observed with increasing intensity near 17.5 eV and is a result of Al exchanging with Ga to form a thermodynamically stable AlxSev overlayer.
A similar exchange reaction have been observed for the S treated surface. This exchange reaction of Al with Ga for the Se/GaAs surface is much stronger than thatt for the clean GaAs surface. This is probably bacause the formation energy difference between AlSe and GaSe is considerably large. In addition to this reaction, the main peak energy position shifts as a, function of Al overlayer thickness and will be discussed in detail shortly.
In addition to Ga, Al also exhibits drastic spectral changes as shown in Fig. 2 The Se 3d SRPES spectra are plotted for several At overlayer thicknesses.
The drastic change in the Se 3d spectra for increasing Al thicknesses is attributed to surface segregation of the Se(l) species and is correlated with an increase in band banding for these Al coverages.
Fig.5
The As 3d SRPES spectra are plotted for several Al overlayer t hicknesses. In contrast to Se, few changes are observed. However, a low binding energy component is observed for the 11.3A case indicating Al may be bonding to As for this case. GaAs yields a hand bending of 0.21 eV suggesting that an additional passivation effect is realized at these very low Al coverages. This result is also consistent with the fact that Al at this stage only bonds to Se with 51 essentially no metallic Al residing on the surface(see Fig. 2 Insight into the mechanism for the increase in band bending for thick Al overlayers on SelGaAs can be gained by noting the changes in the Se 3d spectra shown in Fig. 4 . One can see that changes in the Se 3d spectra become more drastic as the Al overlayer thickness increases. The nature of these changes is attributed to segregation of the Se (1) While no changes were observed for the Au, As and Ga spectra, drastic changes in the Se 3d spectra were observed and plotted in Fig. 8 . A detailed discussion and assignment of the Se 3d spectra for the Se treated GaAs surface with no overlayer has been discussed in detail elsewhere32-36~, The Se 3d spectra were deconvoluted into two Se species(Se(1) and Se (2)) with each species composed of a Se3d3/2 and 3d512 spin orbit split component with an energy separation of 0.83eV. When Au is deposited on the Se/GaAs surface, the Se(1) species intensity increases relative to the Se(2) species as the Au overlayer thickness increases, as can be seen in Fig. 8 . The degree of Se attenuation as a function of Au overlayer thickness relative to Ga and As is plotted in Fig. 9 . In this plot one can see that the intensity of the Se(2) species attenuates to the same degree as As and is evidence that this species essentially remains at the Au/GaSe interface. In contrast, the Se(1) intensity is hardly attenuated indicating that this species segregates to the surface. These results suggest that the Se (1) The normalized photoelectron peak intensity for each component for the Au/Se/GaAs system is plotted as a function of Au overlayer thickness.
In this plot, one can clearly see that the Se(2) intensity is attenuated to nearly the same degree as Ga and As suggesting that this species is retained at the Au/Se/GaAs interface.
In contrast, the intensity of the Se(1) species is not attenuated to any significant degree suggesting that this species remains at the surface. Fig.10 The degree of band bending is plotted as a function of Au thickness for the Au/Se/GaAs system.
In this case, the degree of band bending begins to approach the ideal Schottky limit of 1.1eV at relatively high Au overlayer thicknesses.
Following Au deposition, the band bending continuously increases from 0.3eV to 0.9eV as the Au overlayer thickness increases from 5 to 15A respectively. The first point that merits discussion is that no band bending changes are observed in the thin film region(up to 5A) indicating that no additional passivation effect is realized with Au. However, no additional band increase is observed either demonstrating that the Schottky barrier formation begins to take place only after depositing several Au monolayers. While an ideal Schottky barrier value is not attained, the results when contrasted to Al/Se/GaAs indicate clearly that there is a much greater degree in control of Schottky barrier heights(0.6eV=0.9eV(Au)-0.3eV(Al)) when the initial GaAs surface is treated and passivated with Se than when the metals are deposited directly on the clean but unpassivated GaAs surface.
Conclusions
The deposition of Al and Au on the Se treated GaAs(100) surface has provided some interesting chemical bonding observations that take place at the Se/GaAs interface. 
